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MorphometryAbstract Objectives: To evaluate the relationship between lumbosacral morphological parame-
ters and intervertebral disc degenerative disease.
Material and methods: A retrospective study of MRI lumbosacral studies of low backache patients
included 152 patients (92 females and 60 males). Patients were evaluated for the presence of disc
herniation or degeneration. Angles of lumbar lordosis, sacral table, and sacral kyphosis were mea-
sured.
Results: Normal population included 51 patients (30 males and 21 females) and showed no
statistically signiﬁcant difference between male and female. 101 patients had degenerated disc
and/or disc herniation. There was no statistically signiﬁcant difference between normal population
and patients with disc pathology as regards lumber lordosis angle (p> 0.05) while a statistically
signiﬁcant difference was observed as regards both sacral kyphosis angle and sacral table angle.
Patients with disc pathology showed; moderate negative correlation between lumber lordosis angle
and sacral table angle (p= 0.001), strong negative correlation between lumber lordosis angle and
462 S.A. Khodair et al.sacral kyphosis angle (p= 0.000) and no correlation between sacral table angle and sacral kyphosis
angle (p> 0.05).
Conclusion: The risk of developing disc degeneration and herniation increases with increasing
sacral table angles and decreasing sacral kyphosis angle.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Lumbar intervertebral disc degeneration is a dominant factor in
the aetiology of low back pain (1). Disc degeneration is an age
related process, and may arise from any of several pathological
conditions, such as trauma to spine, or an inﬂammatory re-
sponse (2,3). It is inﬂuenced by many factors, such as genetics
(4,5) and systemic disorders (atherosclerosis, high cholesterol,
diabetes and nutrient supply to the disc) (6–9).Mechanical load-
ing has been identiﬁed as amajor extrinsic component in the on-
set and progression of intervertebral disc degeneration (10,11).
The normal orientation of lumbosacropelvic structure plays
an important role in the determination of shear and compres-
sive forces applied on the anterior (corpus vertebrae and inter-
vertebral discs) and posterior (facet joints) elements of lumbar
vertebral column (12).
It had been reported that lumbar lordosis and sacral slope
differ in individuals with disc degeneration or herniation and
normal individuals, so it is essential to understand what lum-
bosacral morphology predisposes to intervertebral disc degen-
eration and determine the degree of this degeneration to detect
individuals who have tendency to develop severe low back pain
(13,14).
Most studies on lumbosacral morphology have been con-
ducted on populations with low back pain (15–17) or on isth-
mic spondylolisthesis (18–20) but the number of studies on
individuals with intervertebral disc degeneration or disc herni-
ation is considerably low, therefore this study aims to correlate
between different lumbosacral parameters (lumbar lordosis,
sacral table and sacral kyphosis) and the presence of interver-
tebral disc degeneration or herniation on a large sample of
adult patients using MRI.2. Material and methods
2.1. Patient selection
A retrospective study has been performed on the MR images
of patients referred to the MRI unit at our institution for
investigation of low back pain between June 2012 and June
2013. The research protocol was approved by the research
committee of our institution. The signed patient consent form
was not necessary.
All patients underwent MRI acquisition on the same 1.5T
system (Signa Excite, GE medical systems, Milwaukee, WI,
USA) using the spine coil to maximise the signals, composed
of two sagittal and one axial spin echo sequences as follows;
sagittal T1 weighted spin echo (SE) (TR/TE:440–10 ms, matrix:
256 · 256, FOV: 28 · 28 cm and slice thickness: 3 mm),
sagittal T2 weighted fast spin echo (FSE) (TR/TE:3300–
106 ms, matrix: 256 · 256, FOV: 28 · 28 cm and slice thickness:3 mm) and axial T2 weighted SE (TR/TE:4000–116 ms, matrix:
256 · 256, FOV: 20 · 20 cm and slice thickness: 3 mm).
The inclusion criteria were patients suffering from low back
pain from 20 to 35 years old. The exclusion criteria were pa-
tients with congenital anomalies, incomplete or complete lum-
bosacral translation, scoliosis, discitis, lumbar vertebral
fracture, spondylolysis or spondylolisthesis, lumbar or sacral
tumors, and patients with history of lumbar spinal operation.
A total of 152 patients with low back pain (mean age
28.7 ± 5 years, 92 females and 60 males) have been included.
2.2. Image analysis
Three experienced radiologists independently reviewed the MR
images in random order and in a blinded manner.
The anatomic parameters including lumbar lordosis angle,
sacral kyphosis angle and sacral table angle were measured
in a virtual electronic environment by the three radiologists
separately on sagittal T2 weighted MRI passing through the
mid sagittal line and the average was used.
The L1–L5 lumbar lordosis angle was concordant with the
angle formed by the lines passing through the midpoints of the
L1 and L5 vertebrae (Fig. 1A).
The sacral table angle described by Osterman et al. (21) was
concordant with the angle formed by the sacral end plate’s
upper and posterior surfaces (Fig. 1B).
The sacral kyphosis angle was concordant with the angle
formed by the line connecting the midpoints of the upper
and lower endplates of S1 and the line connecting the mid-
points of the upper end plate of S2 and the lower end plate
of S4 (Fig. 1C).
The presence and degree of intervertebral disc degeneration
were assessed on sagittal T2 weighted MRI passing through
the mid sagittal line by the three radiologists separately and
the degree of degeneration was classiﬁed into ﬁve grades using
modiﬁed Pﬁrrmann classiﬁcation (22). Five grades of degenera-
tion were described as follows: grade I (normal shape, no hori-
zontal band, distinctive nucleus and normal annulus), grade 2
(heterogeneous shape of nucleus with a horizontal band and va-
gue distinction between the nucleus and the annulus), grade 3
(vague distinction between the heterogeneous nucleus and the
annulus, but still identiﬁable), grade 4 (heterogeneous nucleus
with a low signal intensity, annulus rupture and typically, de-
crease in disc height), and grade 5 (same as grade 4 with collapse
of the intervertebral disc). The Pﬁrrmann scale was modiﬁed be-
cause cerebrospinal ﬂuid (CSF) has higher signals than the disc
in the used MR sequences, and this criterion was not used to
evaluate the intensity difference of intervertebral disc with re-
spect to the CSF. Grades I and 2 were classiﬁed as normal discs,
while grades 3, 4 and 5 were classiﬁed as degenerated discs. For
cases in which multiple intervertebral disc degeneration was
present, the most advanced disc was taken into consideration.
Fig. 1 (A) Lumbar lordosis angle; the angle formed by the lines passing through the midpoints of the L1 and L5 vertebrae. (B) The
sacral table angle; the angle formed by the sacral end plate’s upper and posterior surfaces. (C) The sacral kyphosis angle; The angle formed
by the line connecting the midpoints of the upper and lower endplates of S1 and the line connecting the midpoints of the upper end plate of
S2 and the lower end plate of S4.
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sagittal T2 weighted images. Disc herniation was classiﬁed as
either negative or positive for each patient. Negative indicated
either minimal disc bulging or normal disc and positive indi-
cated either diffuse disc bulging, herniation or sequestered disc.
Patients with discs grade I or grade II and negative disc her-
niation were classiﬁed as normal population while patients
with discs either grade III–IV and/or positive disc herniation
were classiﬁed as patients with disc pathology.
2.3. Statistical analysis
Mann–Whitney U test was used to test for differences of the
angle measurements between the normal subjects and patientsFig. 2 (A) Patient with grade 1 disc degeneration and (B)
patients with grade 4 disc degeneration. Sacral table angle was
measured to be 97 and 118, respectively. Sacral kyphosis angle
was measured to be 175 and 157, respectively.with pathology, p value of <0.05 was considered statistically
signiﬁcant. Pearson correlation coefﬁcient was calculated for
the relation between the angle measurements in the patients
with pathology. All statistics were performed using Minitab
Ver.16 (Minitab Inc., USA).
3. Results
This study was conducted on 152 patients; their ages ranged
from 20–35 years (mean age 28.7 ± 5 years). There were 92 fe-
male patients (mean age 31.3 ± 3.4 years) and 60 male pa-
tients (mean age 25.2 ± 3.8 years).
Normal population included 51 patients (30 males and 21
females), their mean age was 28.9 ± 4.3 years. There was noFig. 3 (A) Patient with grade 4 disc degeneration and (B)
patients with grade 5 disc degeneration. Sacral table angle was
measured to be 125 and 107, respectively. Sacral kyphosis angle
was measured to be 146 and 167, respectively. Patient (B) has
lumber lordosis angle 7.
Table 1 Comparison of angle measurements between males and females in normal population.
Measurements Female (no. 30) range mean ± SD Male (no. 21) range mean ± SD p Value
Lumber lordosis angle (o) 9–51 18–50
27.8 ± 10.5 29.1 ± 7.4 0.59
Sacral kyphosis angle (o) 100–172 116–163
145.7 ± 16 145.2 ± 12.8 0.99
Sacral table angle (o) 93–121 94–109
103.8 ± 7 101.9 ± 4.3 0.34
Table 2 Comparison of angle measurements between males and females with disc pathology.
Measurements Female (no. 62) range mean ± SD Male (no. 39) range mean ± SD p value
Lumber lordosis angle (o) 7–47 18–50
26.4 ± 8.2 29.1 ± 7.4 0.54
Sacral kyphosis angle (o) 120–180 116–163
142.5 ± 14.2 145.2 ± 12.8 0.53
Sacral table angle (o) 92–121 88–130
106.6 ± 6.2 105 ± 8.5 0.12
Table 3 Comparison of angle measurements between normal population and patients with disc pathology.
Population Normal (no. 51) range mean ± SD Disc pathology (no. 101) range mean ± SD p value
Lumber lordosis angle (o) 9–51 7–53
28.4 ± 9.4 26.3 ± 9.1 0.22
Sacral kyphosis angle (o) 100–172 115–180
145.5 ± 14.7 142 ± 14.9 0.047
Sacral table angle (o) 93–121 88–130
103 ± 6.1 105.9 ± 7.2 0.009
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this group regarding the three angle measurements as shown
in Table 1.
One hundred and one patients were having pathological
discs including degenerated disc and/or disc herniation. They
included 62 females and 39 males, their mean age was
28.9 ± 4.3 years. There was no statistically signiﬁcant differ-
ence between male and female in this group regarding the three
angle measurements as shown in Table 2.
In normal population; the mean angles of the lumber lordo-
sis angle, the sacral kyphotic angle and the sacral table angle
were (28.4 ± 9.4o), (145.5 ± 14.7o) and (103 ± 6.1o) respec-
tively. In patients with disc pathology; the mean angles of
the lumber lordosis angle, the sacral kyphotic angle and the sa-
cral table angles were (26.3 ± 9.1o), (142 ± 14.9o) and
(105.9 ± 7.2o) respectively. There was no statistically signiﬁ-
cant difference between normal population and patients with
disc pathology as regards the lumber lordosis angle
(p> 0.05) while there was a statistically signiﬁcant difference
as regards both sacral kyphosis angle and sacral table angle
(Table 3).
In patients with disc pathology; there was a moderate neg-
ative correlation between the lumber lordosis angle and the sa-cral table angle (r= 0.314, p value 0.001). There was a
strong negative correlation between the lumber lordosis angle
and the sacral kyphosis angle (r= 0.557, p value 0.000). No
correlation was found between the sacral table angle and the
sacral kyphosis angle (r= 0.107, p value 0.456) (see Figs. 2
and 3).
4. Discussion
Lumbar disc degenerative disorder is considered to be one of
the most common causes of low backache in the world (23)
especially in the industrialised ﬁeld where it is a common com-
plaint. It is considered to be the most common cause of disabil-
ity above age of 45 years and the second most common cause
for seeking physicians (24). From economic point of view, pa-
tients throughout the world spend more than 100 billion US
dollars/year for the management of low backache (25).
Many of risk factors encountered in lumbar disc degenera-
tive disease include advancing age, gender, obesity, height,
socioeconomic status, heavy lifting, trauma, vibration, and
hereditary factors (26,27).
Many researches were carried out on the relation between
the lumbosacral morphology and the degenerative disc disor-
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lated differences of the spinal morphology had been carried
out by many authors, as in the study of Gelb et al. (31) which
conducted on middle-aged and advanced-aged of asymptom-
atic volunteers, and they found that the degree of lumbar lor-
dosis decreased as the age is advanced.
To avoid the effect of age on spinal morphology; our study
was limited on middle age group (20–35 years). As regards sex
effect; statistical analysis for the spinal morphology for males
and females involved in our study on both normal population
and patients with disc pathology did not show any signiﬁcant
difference regarding all measurements which permits this study
to exclude the factor of gender.
Bernhardt and Bridwell (29) reported that centre of gravity
force of the body is located on T9 vertebra and passes through
thoracic vertebrae to reach the lumbar and lumbosacral junc-
tion level; resulting in degeneration of the intervertebral discs
at these levels. An increase in the amount of mechanical force
on the intervertebral disc will increase the level of interverte-
bral disc degeneration. In this study, we found that when the
sacral table angle increases as well as sacral kyphosis angle
associated with decreased lumbar lordosis angles, all lead to
spinal column overload on anterior elements of the vertebrae
with subsequently increased incidence of disc degeneration.
The close relationship between the sacral table as well as the
sacral kyphosis angle and the presence of intervertebral disc
degeneration or herniation was obvious in our study; and it
was in agreement with the published study carried out by Er-
gun et al. (32), however it was carried out only on young adult
women. Sacral table angle and sacral kyphosis angle are
parameters that can be easily assessed in routine MR se-
quences; these parameters are not affected by the posture of
the patient and are determined genetically. Our results indicate
that the risk of developing disc degeneration and herniation in-
creases with increasing sacral table angles and decreasing sa-
cral kyphosis angle.
However our study was carried out on a large sample of
population involving both genders which provide more signif-
icant effect for this relationship and make assessment of both
parameters of value. This can be done on routine MR se-
quences as both sacral table angle and sacral kyphosis angle
are determined genetically and not affected by the posture of
the patient (30). Our results indicate that the risk of developing
disc degeneration and herniation increases with increasing sa-
cral table angles and decreasing sacral kyphosis angle. We be-
lieve that the lumber lordosis angle is affected by the posture of
the patient so study of the relationship of lumber lordosis an-
gle and disc degeneration may be better by using upright MRI.
5. Conclusion
The risk of developing disc degeneration and herniation in-
creases with increasing sacral table angles and decreasing sa-
cral kyphosis angle. Sacral table angle and sacral kyphosis
angle are parameters that can be easily assessed in routine
MR sequences; these parameters are not affected by the pos-
ture of the patient and are determined genetically.
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